We have prepared polycrystalline single-phase ACo2+xRu4−xO11 (A = Sr, Ba; 0 ≤ x ≤ 0.5) using the ceramic method and we have studied their structure, electrical resistivity and Seebeck coefficient, in order to estimate their power factor (P.F.). These 
Introduction
Thermoelectric materials are suitable for devices in which heat can directly be converted into electrical energy or, vice versa, electricity can be used as a source of energy for refrigeration. Thermoelectric devices have several advantages, like being emission free during operation, reliable, noiseless and extremely durable [1] . The efficiency of thermoelectric materials is measured by the figure of merit (Z) or by the dimensionless figure of merit (ZT) -more appropriate because the figure of merit varies with temperature -which has the following formula:
where T is the absolute temperature, σ is the electrical conductivity of the material, S its Seebeck coefficient and κ is its thermal conductivity. In this formula, the product S 2 σ, known as the power factor, determines the transport efficiency of the charge carriers.
So far thermoelectric devices with greater application are made of semiconductor elements of post-transition of the fifth and sixth period, such as Bi 2 Te 3 and PbTe. [2] .
Recently, ceramic oxide materials are receiving increased attention as, in addition to the possibility of good thermoelectric behavior, they have the added advantages of higher thermal stability, excellent oxidation resistance, lower cost and weaker toxicity.
In this context, Terasaki et al. [3] [5] and [6] .
Specially interesting are transition metal oxides with highly correlated electrons [7] , among them cobalt perovskites Ln 1− xMxCoO 3− δ and related systems, like for example the doble perovskites La 2− xSrxCoRuO 6 [8] , form an important group.
In the search for alternative oxide materials with interesting thermoelectric properties we have looked for different series of mixed oxides of cobalt and ruthenium with potentially interesting properties. One of this series is ACo 2+ xRu 4− xO 11 (A = Sr, Ba) which belongs to the family AM 2+ xRu 4− xO 11 (M = Fe, Co; A = Sr, Ba). This family has recently attracted interest in the field of spintronics [9] and [10] , as some members have been reported to be semiconducting and ferromagnetic at room temperature [9] .
These compounds display a bidimensional structure that consists of layers of edge- Fig. 1 and more details in Section 3). Such characteristics could also render them interesting as thermoelectric materials:
their electrical properties (low resistivity and high carrier concentration) make them potential candidates to show a large power factor; moreover, their layered structurethat bears similarities with NaCo 2 O 4, which exhibit alternating blocks responsible for the transport and thermal properties -is also adequate to ensure the required low thermal conductivity.
To explore their potential in the field of thermoelectrics, we have focused on From the electrical point of view, they found that the Ba-compound shows a metallic behavior (dρ/dT > 0) and confirmed the ferromagnetic transition that takes place at 105 K. Meanwhile, they reported that the resistivity of the Sr-compound increases with changing slope as temperature decreases below T c (115 K).
In this work we have synthesized ACo 2+ xRu 4− xO 11 (A = Sr, Ba, 0 < x < 1) materials as polycrystalline samples with the main aim of evaluating their power factor (S 
Experimental
The MCo 2+ xRu 4− xO 11 (M = Sr, Ba, 0 < x < 1) oxides were prepared by the previously reported ceramic method [10] : stoichiometric amounts of BaCO 3 (Fluka, ≥99.9%) or The crystal structures of the obtained materials were studied by X-ray powder diffraction (XRPD) in a Siemens D-5000 diffractometer at room temperature using Cu
Kα radiation (λ = 1.5418 Å). The obtained powder diffraction patterns were refined by the Rietveld method with the EXPGUI and GSAS program packages [11] and [12] .
The morphology of the samples was studied by scanning electron microscopy (SEM) in a JEOL 6400 microscope.
Electron diffraction and high resolution images were obtained by transmission electron microscopy (HRTEM) in a JEOL 2010 microscope operating at 200 kV. For TEM observations suspensions of the samples in ethanol were deposited onto copper grids.
Resistivity measurements as a function of temperature were made in the interval 4 ≤ T(K) ≤ 300 using a Quantum Design Physical Property Measurement System (PPMS) and a standard D.C. four-probe technique. Cold-pressed pellets cut into cuboids with dimensions of approximately 1.5 mm × 1 mm × 6 mm were used for these measurements.
Seebeck coefficients were measured in a home-made device within the temperature range of 77 ≤ T(K) ≤ 450. The pelletized samples covered with gold were placed between two copper plates and it was measured the potential generated by applying a temperature difference of 1 K between the plates. The powder diffraction patterns of these compounds were refined following the crystallographic structure model proposed by Foo et al. [10] by the Rietveld method.
Results and discussion

Sample characterization
Such refinement was relatively complex due to the presence of preferred orientations, whose origin is the anisotropic shape (platelet-like) of the particles. For this situation the GSAS package shows suitable tools to take into account such deviations from an ideal diffraction experiment. The background was fitted with a 10-term polynomial and a pseudo-Voigt function (CW profile function 3) was used for the fitting of the peaks. An example of the corresponding Rietveld refinements is shown in Fig. 1 .
These three compounds crystallize in the hexagonal system (space group P6 3 /mmc) and, as already mentioned in Section 1, their structure consists of layers of edgesharing M(2)O 6 octahedra interconnected by face-sharing M(1)O 6 octahedra, M(3)O 5 trigonal bipyramids and the alkaline earth metal, in the ratio 2:3:1:1 (see Fig. 2 ).
The obtained lattice parameters, refined atomic coordinates and derived interatomic distances are in good agreement with that reported in the literature for [9] and [10] (see Table 1 ). [10] and [14] , these fittings suggest that there is a mixing of Co and Ru on the M(1) and M(2) sites, whereas the isolated trigonal pyramidal M(3) site is predominantly occupied by cobalt ions. SEM micrographs (Fig. 3) show that the samples are constituted by poorly sintered platelets with a broad size distribution, within the size diameter range of 0.5-4 μm.
Their hexagonal shape already reflects their internal symmetry. In addition, we have carried out a study of their microstructure by electron diffraction (ED) and HRTEM. In this context, the ED patterns obtained from different crystals in various orientations can all be indexed on the basis of the hexagonal cell (S.G.
P6 3 /mmc) seen by XRDP, and the presence of any extra spot, or any "streaking" of the diffraction maxima is not detected (see Fig. 4 ). As for the HRTEM studies we mainly concentrated in orientations in which the c axis appears on the plane of the projection, trying to detect the presence of possible intergrowths along this axis. These studies were constrained by the fact that the microcrystals oriented along [uv0] zone axis became too thick, therefore it was very difficult to find areas thin enough to obtain good images. Even so, the obtained images show in all cases the regular d 001 spacing expected for these materials ( Fig. 4) . Consequently, these microstructural studies confirm the good regularity of the materials and the absence of superstructures and defects (neither local nor extended along the c-axis). 
Transport properties
The resistivity of polycrystalline pellets of BaCo 2+ xRu 4− xO 11 (x = 0, 0.5) and SrCo 2 Ru 4 O 11 measured as a function of temperature is shown in Fig. 5 . As it can be seen, the resistivity of the Sr-sample is of the order of 10 −5 Ωm, slightly higher than in a single crystal [9] and, as in that case, it slowly decreases upon cooling.
In addition, and as already reported by Shlyk et al. [9] , a small anomaly is detected in the ρ(T) curve of this polycrystalline sample at the ferromagnetic ordering temperature.
Then, for T < 50 K the increase in resistivity is more pronounced. It should also be mentioned that the magnetic ordering has little impact on the thermoelectric properties of these compounds. Thus, even if the ferromagnetic transition produces a small but noticeable cusp or anomaly in the resistivity of these samples ( Fig. 5) there is no significant change in their Seebeck coefficient when crossing T c ( Fig. 6 ). The onset of magnetic ordering should decrease the extent of magnetic scattering and possibly increase the mobility of the charge carriers. However, and as seen experimentally, the effect on their thermoelectric behavior is minimal.
Since the internal magnetic structure does not greatly influence their thermoelectric properties, an external field will probably also insignificantly alter these. ) [17] . ).
